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Description

BACKGROUND

Field

[0001] The present disclosure relates to a structural
body, a member, an optical apparatus, and a method of
manufacturing a structural body.

Description of the Related Art

[0002] Hitherto,many technologies for enhancing anti-
reflectionperformancehavebeenused in components of
apparatus to be affected by reflected light and scattered
light. For example, stray light or the like caused by un-
necessary reflected light or scattered light around an
optical path of an optical apparatus such as a telescope,
a microscope, or a camera may hinder acquisition of a
clear image. Thus, in those optical apparatus, it is re-
quired to enhance anti-reflection performance around
the optical path. As the related art, there have been
known, for example, a method of using a black material
around the optical path and a method of roughening a
surface. However, only using the above-mentioned
methods is sometimes not enough for sufficiently sup-
pressing the reflected light or the scattered light.
[0003] As described in Japanese Patent Application
Laid-OpenNo. 2007‑304466, there is sometimes utilized
amethodof forming,onacomponent surface, aconcavo-
convex structure having a pitch equal to or smaller than a
wavelength of incident light (structure of so-called sub-
wavelength structure (SWS)). Such a technology utilizes
a principle that a reflectance decreaseswhena refractive
index of incident light gently changes at an air layer and a
surface layer portion of a component surface.
[0004] Further, there is also known a technology of
utilizing a structure inwhich, as described in International
Publication No. WO2016/159045, a concavo-convex
structure having a pitch larger than a wavelength of
incident light is formed and a concavo-convex structure
suppresses reflection of the incident light (so-called anti-
reflection).
[0005] Absorption of light is insufficient only with the
structure having the pitch equal to or smaller than the
wavelength of the incident light as described in Japanese
Patent Application Laid-Open No. 2007‑304466 or the
concavo-convex structure having the pitch larger than
the wavelength of the incident light as described in Inter-
national Publication No. WO2016/159045, and hence
there is a room for improvement.

SUMMARY

[0006] Thepresent disclosurehasanaspect toprovide
a technology that is advantageous for achieving a struc-
tural body capable of sufficiently absorbing light.
[0007] A structural body for absorbing light which is

incident on the structural body and has a wavelength λ,
thestructural body includingasubstratehavingaplurality
of concave surfaces on an incident surface of the light.
The light is incident on an inner region of each of the
plurality of concave surfaces. The light satisfies 400
nm≤k≤40 µm. Each of the plurality of concave surfaces
satisfies Dd≥Da>Db>λ, Wa>λ, and Wb≤λ/2, where Dd
represents a depth of a bottom of the each of the plurality
of concave surfaces, Wa represents a width of the inner
regionatapositionofadistanceDa from thebottomof the
each of the plurality of concave surfaces, and Wb repre-
sents awidth of the inner region at a position of a distance
Db from the bottom.
[0008] Further features of the present disclosure will
become apparent from the following description of ex-
emplary embodiments with reference to the attached
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

FIG. 1A is a view for illustrating an example of a
structural body of a first embodiment.
FIG. 1B is a view for illustrating an example that
satisfies Db>k in the structural body of the first em-
bodiment.
FIG. 2 is a view for illustrating an example of the
structural body of the first embodiment.
FIG. 3 is a view for illustrating an example of the
structural body of the first embodiment.
FIG. 4A is a top view for illustrating an example of the
structural body of the first embodiment (example of
line and space).
FIG.4B isasectional view for illustrating theexample
of the structural body of the first embodiment (ex-
ample of the line and space).
FIG. 4C is a top view for illustrating an example of the
structural body of the first embodiment (first example
of two-dimensionally arrangingaplurality of concave
surfaces).
FIG. 4D is a sectional view for illustrating the exam-
ple of the structural bodyof the first embodiment (first
example of two-dimensionally arranging the plurality
of concave surfaces).
FIG. 4E is a top view for illustrating an example of the
structural body of the first embodiment (second ex-
ample of two-dimensionally arranging the plurality of
concave surfaces).
FIG.4F is asectional view for illustrating theexample
of the structural body of the first embodiment (sec-
ond example of two-dimensionally arranging the
plurality of concave surfaces).
FIG. 5 is an explanatory view for illustrating a taper
angle.
FIG. 6A is a view for illustrating an example of the
structural body of the first embodiment.
FIG. 6B is a view for illustrating an example of the
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structural body of the first embodiment.
FIG. 7 is a diagram for illustrating a schematic con-
figurationof a laserprocessingmachine tobeused in
a manufacturing method of a second embodiment.
FIG. 8 is a flow chart of a laser processing process in
the manufacturing method of the second embodi-
ment.
FIG. 9A is an explanatory view for illustrating an
example of laser processing.
FIG. 9B is an explanatory view for illustrating an
example of the laser processing.
FIG. 9C is an explanatory view for illustrating an
example of the laser processing.
FIG. 9D is an explanatory view for illustrating an
example of the laser processing.
FIG. 9E is an explanatory view for illustrating an
example of the laser processing.
FIG. 10A is a view for illustrating an injectionmolding
apparatus for producing a resin component accord-
ing to one embodiment of the present disclosure.
FIG. 10B is a view for illustrating a step of forming a
cavity in the injection molding apparatus.
FIG. 10C is a view for illustrating a step of injecting a
resin into the cavity of the injection molding appara-
tus.
FIG. 10D is a view for illustrating a step of, after
injecting the resin into the cavity, cooling the resin
while keeping the pressure.
FIG. 10E is a view for illustrating a step of performing
mold opening to take out the resin component.
FIG. 11 is a view for illustrating an example of an
optical apparatus and amember of another embodi-
ment.
FIG. 12 is a table for showing conditions of Examples
1 to 3 and Comparative Example 1.
FIG. 13 is a view for illustrating space definition of a
simulation of Example 1.
FIG. 14 is a graph for showing results of Example 1
and Comparative Example 1.
FIG. 15 is a graph for showing results of Examples 1
to 3.
FIG. 16 is a diagram for illustrating an electric field
distribution map of Example 1.
FIG. 17 is a diagram for illustrating an electric field
distribution map of Example 3.
FIG. 18 is a diagram for illustrating an electric field
distribution map of Example 2.
FIG. 19 isa table for showingdetails ofExamples4 to
6.
FIG. 20 isa table for showingdetails ofExamples7 to
9.
FIG. 21 is a schematic representation of mold-trans-
fer of a mold surface.
FIG. 22 is amicroscope image of a structural body of
Example 6.
FIG. 23 is a view for illustrating an example of the
structural body of the first embodiment.
FIG. 24 is a view for illustrating an example of the

structural body of the first embodiment.
FIG. 25 is a graph for showing results of measure-
ment of reflectances of the structural bodies.

DESCRIPTION OF THE EMBODIMENTS

<First Embodiment>

[0010] The present disclosure provides, as a first em-
bodiment, a structural body 1 for absorbing light L which
is incident on the structural body 1 and has a wavelength
λ, the structural body 1 including a substrate 3 having a
plurality of concave surfaces 2 on an incident surface 6 of
the light L. The light L is incident on an inner region 4 of
each of the plurality of concave surfaces 2. The light L
satisfies 400 nm≤k≤40 µm. Each of the plurality of con-
cave surfaces 2 satisfies Dd≥Da>Db>λ, Wa>λ, and
Wb≤λ/2, where Dd represents a depth of a bottom 5 of
the concave surface 2,Wa represents awidth of the inner
region4at aposition of a distanceDa from thebottom5of
the concave surface 2, andWb represents a width of the
inner region 4 at a position of a distance Db from the
bottom 5.
[0011] The structural body 1 of this embodiment is
described with reference to FIG. 1A and FIG. 1B. FIG.
1A, FIG. 1B, FIG. 2, FIG. 3, FIG. 5, FIG. 6A, and FIG. 6B
are all views obtained by enlarging a part of a cross
section taken along a direction perpendicular to a refer-
ence plane 8 of the structural body 1.
[0012] The structural body 1 of this embodiment ab-
sorbs the light L having the wavelength λ (400 nm≤λ≤40
µm). As illustrated in FIG. 1A, the structural body 1
includes the substrate 3 having the plurality of concave
surfaces2on the incident surface6of the light L. The light
L is incident on the inner region 4of eachof the plurality of
concave surfaces 2. The inner region 4 of each of the
plurality of concave surfaces 2 is a three-dimensional
region having at least a part thereof defined by the con-
cave surface 2, andmay be a region defined between the
concave surfaces 2 or a region surrounded by the con-
cavesurface2. The inner region4 is only required to have
translucency, and is typically a vacuum space or a gas
space, but may be a solid region in which a translucent
material is arranged. The structural body 1 includes a
convex portion 7, and a part of a surface of the convex
portion 7 forms the concave surface 2 or a part of the
concave surface 2. The inner region 4 is positioned
between a plurality of convex portions 7 in XY-directions.
In thestructural body1ofFIG.1A, the referenceplane8 is
an imaginary plane that is in contact with the plurality of
convex portions 7 of the substrate 3 and covers the
concave surfaces 2. A plan view with respect to the
incident surface 6 is also a plan view with respect to
the reference plane 8. The reference plane 8 is typically
in contact with vertices of the plurality of convex portions
7. The substrate 3 has an opposite surface 9 on a side
opposite to the incident surface6and the referenceplane
8. A distance between the reference plane 8 and the
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opposite surface 9 is a thickness of the substrate 3. The
concave surfaces 2 are recessed toward the bottom 5 of
the concave surface 2 from the reference plane 8. The
convex portions 7 protrudes from the bottom 5 of the
concave surface 2 toward the reference plane 8. There-
fore, the concave surfaces 2 may be referred to as
recessed surface, and the convex portions 7 may be
referred to as protruding portions. The concave surface
2 is recessed in a direction toward the bottom 5 from the
reference plane 8. The convex portion 7 protrudes from
the bottom 5 in a direction toward the reference plane 8.
That is, the concave surface 2 may be referred to as
"recessed surface", and the convex portion 7 may be
referred to as "protruding portion".
[0013] As illustrated in FIG. 1A, a depth from the re-
ferenceplane8 to thebottom5of theconcavesurface2 is
represented by Dd. In other words, a distance between
the reference plane 8 and the bottom 5 is the depth Dd.
Thewidthof the inner region4at apositionof thedistance
Da from the bottom 5 in a direction Z perpendicular to the
reference plane 8 is represented by Wa. Further, the
width of the inner region 4 at a position of the distance
Db from the bottom 5 in the direction Z perpendicular to
the reference plane 8 is represented byWb. The depth of
the concave surface 2 refers to a depth from the refer-
ence plane 8 in the direction Z perpendicular to the
reference plane 8. In each figure, X and Y indicate direc-
tions perpendicular to each other and perpendicular to Z.
[0014] The structural body 1 satisfies Expressions 1 to
3 below.
[0015] Dd≥Da>Db>λ (Expression 1), Wa>λ (Expres-
sion 2), and Wb≤λ/2 (Expression 3).
[0016] FIG. 1B shows that the structural body 1 satis-
fies Db>λ in Expression 1.
[0017] The depth Dd of the concave surface 2 and the
widths Wa and Wb of the inner region 4 can each be
determined in a certain cut surface of the structural body
1 which is parallel to the direction Z perpendicular to the
reference plane 8. It is preferred that the depth Dd of the
concave surface 2 and thewidthsWaandWbof the inner
region 4 be determined in a surface perpendicular to the
structural body 1 in which, for each of the concave
surfaces 2, the depth thereof becomes maximum and
the width of the inner region 4 at the outermost surface of
the structural body 1 becomes minimum.
[0018] The light L to be absorbedby the structural body
1 is an electromagnetic wave including at least one of a
visible light ray or an infrared ray, and the light L has a
wavelength λ of 400 nm≤λ≤40 µm. However, the struc-
tural body 1 canbe configured to absorb an ultraviolet ray
in addition to the at least one of the visible light ray or the
infrared ray. The wavelength λ is preferably λ≤4 µm,
more preferably λ≤3 µm, further more preferably λ≤2.5
µm. The wavelength of 40 µm can be regarded as a
boundary between the mid-infrared ray and the far-infra-
red ray. The wavelength of 4 µm can be regarded as a
boundary between the mid-infrared ray and the far-infra-
red ray. The wavelength of 3 µm can be regarded as a

boundary between the near-infrared ray and the mid-
infrared ray. The wavelength of 2.5 µm can be regarded
asaboundarybetween thenear-infrared rayand themid-
infrared ray. The wavelength λ may satisfy λ>1 µm or
λ>800 nm, or may satisfy λ≤1 µm or λ≤800 nm. The
wavelength of 800 nm can be regarded as a boundary
between the visible light ray and the infrared ray, and the
wavelength of 400 nm can be regarded as a boundary
between the visible light ray and the ultraviolet ray.Which
wavelength λ is used at the target of absorption by the
structural body 1 may be determined depending on the
application of the structural body 1. It is preferred that
Expressions 1 to 3 abovebe satisfiedevenwhen, regard-
ing a plurality of wavelengths λa and λb in the visible light
ray and the infrared light ray, the wavelength λ satisfies
λ=λa or λ=λb. Both of the wavelength λa and the wave-
lengthλbmaybe in awavelength rangeof the visible light
ray, andboth of thewavelengthλaand thewavelengthλb
may be in a wavelength range of the infrared light ray.
Further, the wavelength λa may be in the wavelength
range of the visible light ray, and the wavelength λb may
be in the wavelength range of the infrared light ray.
[0019] In the following, in some cases, a part in the
inner region 4 from the distance Db to the distance Dd is
referred to as "first part 41," and a part therein from the
concave surface bottom (that is, a distance 0 from the
bottom5) to the distanceDb is referred to as "secondpart
42."
[0020] The structural body 1 of this embodiment can
efficiently absorb the light L, and can prevent or reduce
reflection. The inventors consider the reason therefor as
follows. That is, when Wa being an opening width of the
first part 41 is larger than λ, the light L having the wave-
length λ can be guided to the concave surface 2 by
diffraction and propagation. Further, the light L that has
been directly incident on the second part 42 without
hitting the concave surface 2 forming the first part 41 is
reduced in the effect of diffraction and propagation of the
light L becauseDb>λandWb≤λ/2 are satisfied. Thus, the
light L can be absorbed and the intensity of the light L can
be reduced.
[0021] Da and Db are selected so as to satisfy Expres-
sions 1 to 3. Da≈Ddmay be satisfied, that is, the position
of the distance Da from the bottom 5 of the concave
surface 2 may be the reference plane 8. However, also
in this case, fine unevenness caused by the undulating
substrate surface is disregarded for Da, and hence Da
and Dd are not required to completely match each other.
In this case, Wd being an opening width in the reference
plane 8 satisfies Wa≈Wd. Examples below all satisfy
Da≈Dd and Wa≈Wd.
[0022] FIG. 2 shows an example that satisfies Dd≈Da
andWa≈Wd. Further, FIG. 3 shows an example in which
the concave surface 2 forming the first part 41 and the
concave surface 2 forming the second part 42 have
different slopes, and the concave surface 2 forming the
second part 42 has a steeper slope.
[0023] The concave surface 2 as used herein refers to
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the concave surface 2 satisfying Expressions 1 to 3, and
the structural body 1 of this embodiment may include
another concave surface 27. The another concave sur-
face 27 is a concave surface that does not satisfy at least
one of Expressions 1 to 3. Further, the plurality of con-
cave surfaces 2 are each only required to satisfy Expres-
sions 1 to 3, and the plurality of concave surfaces 2 may
have different shapes and vary in Da, Db, Dd, Wa, and
Wb as long as Expressions 1 to 3 are satisfied. As
described later, also in the case of the description about
Dc, De, Df, Ge, Go, and a taper angle, the plurality of
concave surfaces 2 may have different values thereof.
[0024] The number of the plurality of concave surfaces
2 or the number of the convex portions 7 forming the
plurality of concave surfaces 2 is, in plan view with
respect to the incident surface 6, that is, when the struc-
tural body 1 is viewed in top view from the Z-direction,
preferably 3 surfaces or portions/mm2 or more, more
preferably 5 surfaces or portions/mm2 or more, further
more preferably 10 surfaces or portions/mm2 or more,
still more preferably 100 surfaces or portions/mm2 or
more, yet more preferably 1,000 surfaces or por-
tions/mm2 or more. The number of the plurality of con-
cave surfaces 2 or the number of the convex portions 7
forming the plurality of concave surfaces 2 is, in plan view
with respect to the incident surface 6, preferably
1,000,000 surfaces or portions/mm2 or less, more pre-
ferably 100,000 surfaces or portions/mm2 or less, further
morepreferably 10,000surfacesor portions/mm2or less.
[0025] Wa isWa>λ, andWa is preferablyWa≥2λ,more
preferably Wa≥4λ. Further, Wa is preferably Wa≤100λ,
more preferably Wa≤40λ.
[0026] Further, Wa is preferably Wa>1 µm, more pre-
ferably Wa≥10 µm.
[0027] Wa is preferably Wa≤300 µm, more preferably
Wa≤200 µm, further more preferably Wa≤100 µm, still
more preferably Wa≤70 µm.
[0028] When Wa>λ is satisfied, the opening width of
the first part 41 is sufficiently large, and the light L is
efficiently captured in theconcavesurface2 tocause light
trapping.Further,whenWa is largeand theopeningwidth
of the first part 41 is sufficiently large, thestructural body1
can be easily manufactured.
[0029] Wb is Wb≤λ/2, and Wb is preferably Wb≥λ/4,
but may be Wb<λ/4. Further, Wb is preferably Wb≤400
nm, but Wb may be Wb≤200 nm and is preferably
Wb≥100 nm.
[0030] When Db>λ and Wb≤λ/2 are satisfied, in the
second part 42, the depth is deep with respect to the
opening width. Thus, the diffraction and propagation of
the light L can be weakened so that the light L is ab-
sorbed, andhence the intensity of the light L is reducedso
that the reflection can be prevented.
[0031] The effect of the absorption with respect to the
visible light ray is visually checked. That is, when the
structural body 1 absorbs the light L in awidewavelength
range of the visible light ray, the incident surface 6 may
look black. Moreover, based on an electromagnetic field

simulation using the FDTDmethod shown in Example 1,
when the electromagnetic field distribution in a specific
wavelength is 0.85or less, it canbedetermined that there
is no reflection.
[0032] Dd is Dd>k, and Dd is preferably Dd>2k, more
preferably Dd≥4λ, further more preferably Dd≥5λ, still
more preferably Dd≥10λ, yet more preferably Dd≥100λ.
[0033] Further, Dd is preferably Dd>10 µm, more pre-
ferably Dd≥100 µm. In addition, Dd is preferably
Dd≤1,000 µm.
[0034] When Dd is sufficiently large, the concave sur-
face 2 is sufficiently wide.When the concave surface 2 is
sufficiently wide, the number of times of reflection from
when the light L is incident on the structural body 1 to
when the light L returns to the reference plane 8 is large.
Thus, sufficient light trapping occurs even for the light L
that has not been sufficiently absorbed in the second part
42, even while the light L returns to the reference plane 8
from the second part 42. Thus, the light L is absorbed and
the reflection is suppressed. Further, when the concave
surface 2 is sufficiently wide, the light L is reflected from
various directions to cause diffraction, and thus the
waves of the light L can be effectively canceled out with
each other.
[0035] Thus, in particular, Dd-Da is preferably Dd-
Da>k, more preferably Dd-Da>2λ, further more prefer-
ablyDd-Da≥4λ, still more preferablyDd-Da≥5λ, yetmore
preferably Dd-Da≥10λ, even more preferably Dd-
Da≥100λ.
[0036] In the inner region 4, Dd≥Da>Db>λ is satisfied,
but it is preferred that Da>Dd/2 be satisfied, and it is
preferred that Db<Dd/2 be satisfied. When Da>Dd/2 is
satisfied, the light L is easily captured in the upper half of
the inner region 4 (entrance side for the light L). When
Db<Dd/2 is satisfied, the light L that has been incident on
the lower half of the inner region 4 from the upper half is
easily absorbed.
[0037] Further, as illustrated inFIG.1B, in thestructural
body 1 of this embodiment, it is preferred that a widthWc
of each of a plurality of regions at a position of a distance
Dc from the bottom 5 of each of the plurality of concave
surfaces 2 satisfy Dc≤λ andWc≤λ/4.When a part having
a narrow width is provided at a position close to the
bottom 5, while a large number of times of reflection
are repeated, the diffraction and the propagation of the
light L are weakened so that the light L is absorbed, and
hence the intensity of the light L is reduced.
[0038] Further, in the structural body 1 of this embodi-
ment, it is preferred that the plurality of concave surfaces
2 include a first concave surface 2 and a second concave
surface 2, and a distance Ge between the first concave
surface 2 and the second concave surface 2 at a position
of a distance De (provided that Dd≥De≥Db) from the
bottom 5 of the first concave surface 2 satisfy Ge≤100
µm. The first concave surface 2 and the second concave
surface 2 are typically concave surfaces 2 formed of the
common convex portion 7. Ge is more preferably Ge≤10
µm, further more preferably Ge≤1 µm. Further, Ge pre-
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ferably satisfies Ge<Wa. Da≥De≥Db may be satisfied,
andFIG. 1Ashowsanexample that satisfiesDa>De>Db.
As another example, Dd≥De≥Da may be satisfied, and
the position at the distance De from the bottom 5 of the
concave surface 2maybe apositionwhere the reference
plane 8 lies (that is, De may be equal to Dd). However,
also in this case, fine unevenness caused by the undulat-
ingsubstratesurface isdisregarded forDe,andhenceDe
and Dd are not required to completely match each other.
FIG. 2 shows an example that satisfies De≈Dd. In this
case, Ge is an interval between the concave surface 2
and the concave surface 2 when the structural body 1 is
viewed in top view.
[0039] Further, it is preferred that a distance Go be-
tween the bottom 5 of the first concave surface 2 and the
bottom 5 of the second concave surface 2 satisfy Go>1
µm. Go more preferably satisfies Go≥5 µm, and further
more preferably satisfies Go≥10 µm. Go preferably sa-
tisfies Go≤100 µm.
[0040] It is preferred that Go satisfy Go>1µm. Further,
Go preferably satisfies Go≤100λ, and more preferably
satisfies Go≤40λ.
[0041] Go preferably satisfies Go≤300 µm, more pre-
ferably satisfies Go≤200 µm, further more preferably
satisfies Go≤100 µm, and still more preferably satisfies
Go≤70 µm.
[0042] Further, Go≥Wa is preferably satisfied.
[0043] Further, in the structural body 1 of this embodi-
ment, it is preferred that awidthWgof the inner region4at
a distance Dg from the bottom 5 satisfy Db<Dg<Da and
Wg=λ. That is, it is preferred that "width Wa">λ be sa-
tisfiedat the distanceDa, "widthWg"=λbe satisfiedat the
distance Dg, and "width Wb"≤λ/2 be satisfied at the
distance Db. FIG. 1A shows an example that satisfies
"distance Dg">De, but "distance Dg"≤De or Dg=De may
be satisfied.
[0044] WhenGo>1µmis satisfied, thediffractionof the
light L can be prevented, and further the structural body 1
canbeeasilymanufactured.Further,whenGo≤300µmis
satisfied, a sufficient number of concave portions can be
obtained for absorbing the incident light andobtaining the
anti-reflection effect.
[0045] The cycle of the inner region 4 is sometimes
referred to as "pitch." The pitch corresponds to an aver-
age value of Go, or, at the time of De≈Dd as illustrated in
FIG. 2, the pitch corresponds to an average value of
(Wa+Ge).
[0046] Further, in the structural body 1 of this embodi-
ment, it is preferred that an extinction coefficient of the
substrate 3 with respect to the light L be larger than 1.0.
The extinction coefficient of a material for forming the
substrate 3 with respect to the light L is more preferably
2.0 or more, further more preferably 4.0 or more.
[0047] A largeextinctioncoefficient of thesubstrate3 is
advantageous for sufficiently reducing the intensity of the
light L by the structural body 1. When the extinction
coefficient of the substrate 3 is small, the light L is easily
incident on the substrate 3, and the absorbing effect by

the concavo-convex shape cannot be sufficiently ob-
tained.
[0048] Further, in the structural body 1 of this embodi-
ment, the substrate 3 is opaque with respect to the light L
having the wavelength λ, that is, reflects or absorbs the
light Lhaving thewavelengthλ. Specifically, it is preferred
that a transmittance of the light L with respect to the
substrate 3 be less than 1%. The transmittance is ob-
tained in considerationof the thicknessof the substrate 3.
[0049] When the transmittance of the light L of the
substrate 3 is sufficiently small, the structural body 1
can sufficiently absorb the light L and thus reduce the
intensity of the light L.
[0050] In the structural body 1 of this embodiment, in
plan view with respect to the incident surface 6, that is,
when the structural body 1 is viewed in top view from the
Z-direction, the shape or the XY sectional shape of the
concave surface 2 is not limited. Examples of the shape
include a circle, an ellipse, a rectangle, a polygon, a line,
anyother shapes, andacombination thereof. Further, the
three-dimensional shape of the concave surface 2 is not
particularly limited. The XZ sectional shape may be a
triangle, a polygon, a shape having a curved surface, a
parabola, a catenary curve, or other shapes. Further, the
three-dimensional shape may be shapes obtained by
rotating those shapes, a bullet shape, or so-called line
and space in which the same sectional shape continues
in the Y-direction. In plan viewwith respect to the incident
surface 6, it is preferred that the plurality of concave
surfaces 2 be two-dimensionally arranged.
[0051] In an example of the line and space, as exem-
plified in FIG. 4A and FIG. 4B for showing an a-a’ cross
section of FIG. 4A, each of the plurality of concave
surfaces 2 is a groove having a longitudinal direction
along the Y-direction and a transverse direction along
the X-direction in plan view with respect to the incident
surface 6, and the grooves are arranged side by side
along the X-direction (transverse direction).
[0052] In a first example of two-dimensionally arran-
ging the plurality of concave surfaces 2, as exemplified in
FIG. 4C and FIG. 4D for showing a b-b’ cross section of
FIG. 4C, the plurality of concave surfaces 2 are arranged
side by side along the X-direction and the Y-direction.
Each of the concave surfaces 2 is surrounded by the
continuous convex portion 7. In this example, it is easier
to evaluate the number of concave surfaces than to
evaluate the number of convex portions.
[0053] In a second example of two-dimensionally ar-
ranging the plurality of concave surfaces 2, as exempli-
fied in FIG. 4E and FIG. 4F for showing a c-c’ cross
section of FIG. 4E, the plurality of concave surfaces 2
are arranged side by side along theX-direction and theY-
direction. Each of the concave surfaces 2 is located
between the discretely-arranged convex portions 7.
FIG. 4E shows, in addition to the concave surface 2,
the another concave surface 27 positioned between
the concave surfaces 2 and between the convex portions
7 in the X-direction and the Y-direction. The another
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concave surface 27 is shallower than the concave sur-
face 2. In this example, it is easier to evaluate the number
of convex portions than to evaluate the number of con-
cave surfaces.
[0054] Further, in the structural body 1 of this embodi-
ment, each of the concave surfaces 2 preferably has, in a
part in which the distance from the bottom 5 is 2Dd/3 or
more and 9Dd/10 or less, a taper angle θof 60 degrees or
more. The taper angle θ ismore preferably 75 degrees or
more. The taper angle θ is described with reference to
FIG. 5. A straight line connecting a position at which the
distance from the bottom 5 of the concave surface 2 is
2Dd/3 and a position at which the distance from the
bottom 5 is 9Dd/10 is represented by T. An angle formed
between the straight line T and a plane parallel to the
structural body upper surface is the taper angle θ.
[0055] When the taper angle θ is 60 degrees or more,
the slope of the concave surface 2 in the vicinity of the
reference plane 8 is sufficient, and the light L is absorbed
while being reflected a large number of times by the
concave surface 2 so that the reflection is reduced.
Further, when the slope of the concave surface 2 in the
vicinity of the reference plane 8 is sufficient, the light L is
efficiently guided to a deep part of the concave portion so
that the intensity of the light L is efficiently reduced.
[0056] Further, in the structural body 1 of this embodi-
ment, the width of the inner region 4 gradually decreases
from the position of the distance Da from the bottom 5
toward the position of the distance Db from the bottom 5.
[0057] That is, in the inner region 4, the width at the
deeper position is the same or smaller than the width at
the shallower position. The term "deep" refers to being
closer to the bottom 5, and the term "shallow" refers to
having a closer distance to the reference plane 8. The
inner region 4 may have a part with a constant width.
[0058] When the width of the inner region 4 gradually
decreases, the light L is efficiently guided toadeeppart of
the concave surface 2 so that the intensity of the light L is
efficiently reduced. Further, when the concave surface 2
is formed such that the width of the inner region 4 gra-
dually decreases, the structural body 1 can be easily
manufactured.
[0059] Further, in the structural body 1 of this embodi-
ment, the plurality of concave surfaces 2 can include a
concave surface 2 in which, from the distance Db to a
distance Df (provided that Da≥Df>Db) from the bottom 5
of the concave surface 2, thewidth of the inner region 4 is
Wbormoreandλ/2or less.Thisexample is shown inFIG.
6A and FIG. 6B. In FIG. 6A and FIG. 6B, the concave
surface 2 has an intermediate portion "m" fromDb toDf in
which the width of the inner region 4 at any position
therein is Wb or more and λ/2 or less. In the example
of FIG. 6A, Dd>Da is satisfied, and, in the concave sur-
face 2, a slope from the bottom5 toDb, a slope fromDb to
Df, andaslope fromDf toDaaredifferent fromeachother,
and, fromDb toDf, thewidth is substantially constant and
is Wb or more and λ/2 or less. The inner region 4 formed
by the intermediate portion "m" is sometimes referred to

as "middle portion 412." The middle portion 412 is a part
of the first part 41. FIG. 6A and FIG. 6B show a part 411
obtained by excluding the middle portion 412 from the
first part 41.
[0060] In the example of FIG. 6B, Dd>Da is satisfied,
and, in the concave surface 2, a slope from the bottom 5
to Db, a slope from Db to Df, and a slope from Df to Da
gradually decrease along the distance from the bottom5.
[0061] With the middle portion 412 being provided, the
number of times of reflection from when the light L is
incident on the structural body 1 to when the light L
returns to the reference plane 8 is increased. Thus, the
light L is sufficiently absorbed, and hence the intensity
thereof is reduced so that the reflection is prevented.
[0062] In addition, in the structure 1 of this embodi-
ment, the base material 3 can be made of a metal.
[0063] The metal includes an alloy, and examples
thereof include aluminum, titanium, tungsten, copper,
iron, nickel, and stainless steel. Of those, aluminum is
preferred.
[0064] Further, in the structural body 1 of this embodi-
ment, the substrate 3 can be made of a resin.
[0065] The substrate 3 may have any shape depend-
ingon thepurpose, andcanhaveashapeof, for example,
a flat surface, a curved surface, an inclined surface, anda
shape including a plurality of those surfaces.
[0066] One example of the structural body 1 of this
embodiment is described with reference to FIG. 23. FIG.
23 isa viewobtainedbyenlargingapart of a cross section
taken along a direction perpendicular to the reference
plane 8 of the structural body 1. Each of the plurality of
concave surfaces 2 includes a first inclined surface S1
and a second inclined surface S2. The second inclined
surface S2 is positioned on a side closer to the bottom 5
than the first inclined surface S1. An angle d1 formed
between the first inclined surface S1 and the reference
plane 8 and an angle d2 formed between the second
inclined surface S2 and the reference plane 8 can satisfy
d1>d2. The reference plane 8 is an imaginary plane that
is in contact with a plurality of convex portions 7 forming
the concave surface 2.
[0067] The first inclined surface S1may be an inclined
surface positioned at a distance of 2Dd/3 and higher from
the bottom 5. The second inclined surface S2 may be an
inclined surface connecting to the first inclined surface
S1. Further, the concave surface 2 may include a third
inclined surface S3. The third inclined surface S3 is an
inclined surface extending from the second inclined sur-
face S2 and connecting to the bottom 5. Each of the
inclined surfaces corresponds to a portion of the concave
surface 2, which defines the inner region 4 having awidth
gradually decreasing toward the bottom 5 at a substan-
tially constant rate (as described later, however, each of
the inclined surfaces may have specific waviness or
roughness in shape).
[0068] Theconcavesurface2 includes the first inclined
surface S1, the second inclined surface S2, and the third
inclined surface S3. The first inclined surface S1 is
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formed in the vicinity of a vertex of the convex portion 7.
The second inclined surface S2 is positioned on the side
closer to the bottom 5 of the concave surface 2 than the
first inclinedsurfaceS1andextends from thefirst inclined
surface S1 in a direction toward the bottom 5. The third
inclined surface S3 extends from the second inclined
surface S2 in the direction toward the bottom 5 and
connects to the bottom 5. When the plane being in con-
tact with the plurality of convex portions forming the
concave surface is defined as the reference plane 8,
the angle d1 formed between the first inclined surface
S1 and the reference plane 8 is larger than the angle d2
formed between the second inclined surface S2 extend-
ing from the first inclined surface S1 toward the bottom 5
of the concave surface 2 and the reference plane 8.
[0069] In addition to the light L that is incident on the
structural body 1 at an angle α being equal to or about 90
degrees with respect to the reference plane 8, light L2
may be incident on the structural body 1 from a direction
being nearly parallel to the reference plane 8. An angle
formed between the light L2 and the reference plane 8 is
referred to as "angle β". The angle α formed between the
light Land the referenceplane8 is typically larger than the
angle β, and is typically 90 degrees. For simplification,
there is now considered a case in which the light L2 is
specularly reflectedby the first inclined surfaceS1.When
the light L2 is incident on the first inclined surface S1 at
the angle β and the angle d1 of the first inclined surface
S1 is equal to 90-β degrees, the light L2 is reflected by the
first inclined surface S1 in the same direction as an
incident direction of the light L2. When the angle d1 of
the first inclined surface S1 is smaller than 90-β degrees,
the light L2 being incident on the first inclined surface S1
at the angle β is reflected to a side opposite to the bottom
5 (to the reference plane 8 side). When such reflection
occurs, the reflected light cannot be absorbed by the
structural body 1, and thus an absorption property of
the structural body 1 is reduced. When the angle d1 of
the first inclined surface S1 is larger than 90-β degrees,
the light L2 being incident at the angle β is reflected by the
first inclined surface S1 toward the bottom 5. Thus, the
reflected light can be absorbed by the concave surface 2.
The angle βmay be set to various angles depending on a
purpose of use of the structural body 1. In general, the
angle β is less than 20 degrees and may be equal to or
smaller than 10 degrees. A region between two normals
Lu and Ld to the first inclined surface S1, which extend in
parallel to the incident direction of the light L2, is repre-
sented by "a". Then, the light L2 passing through the
region "a" is reflected by the first inclined surface S1, and
thus light absorption efficiency is reduced. A length of the
region "a" decreases as d1 increases. Thus, in order to
suppress the reflection of the light L2, it is only required
that d1 be maximized. Meanwhile, conditions for the
width of the inner region, which enable efficient absorp-
tionof the light L, areWd>λandWb≤λ/2.WhenWb≤λ/2 is
intended to be satisfied while maximizing d1, the depth
Ddof theconcavesurface2becomesextremely large.As

a result, processing time is remarkably increasedwhen a
laser processing manufacturing method described later
is used. Thus, maximizing d1 while satisfying the condi-
tions described above is not practical.
[0070] Thus, the second inclined surface S2 is formed
between thefirst inclinedsurfaceS1and the third inclined
surfaceS3, and the angle d2 formedbetween the second
inclined surface S2 and the reference plane 8 is set so as
to satisfy d2<d1. In this manner, d1 can be maximized
without changing Dd.
[0071] It is preferred that the angle d1 formed between
the first inclined surface S1 and the reference plane 8 be
80degreesormore,morepreferably 85degreesormore,
further preferably 86 degrees or more, further more pre-
ferably 88 degrees or more. A maximum value of the
angle d1 is 90 degrees. In this case, it is preferred that the
angle d2 formed between the second inclined surface S2
and the reference plane 8 be 55 degrees or less, more
preferably 50 degrees or less, further preferably 45 de-
grees or less, further more preferably 42 degrees or less.
It is preferred that the angle d2 be half or less of the angle
d1. The configuration described above enables minimi-
zation of the reflection of the light L2 and efficient absorp-
tion of the light L.
[0072] The number of inclined surfaces forming each
of the concave surfaces 2 is not limited to three. It is
desirable that the angle d1 formed between the first
inclined surface S1 and the reference plane 8 be the
maximum value. However, when the light L2 has low
intensity and does not cause any problem in practical
use, the angle d1 may be appropriately adjusted in ac-
cordance with an allowable range for the reflected light.
Further, it is only required that the angle d1 formed
between the first inclined surface S1 and the reference
plane 8 be larger than the angle d2 formed between the
second inclined surface S2 extending from the first in-
clined surface S1 toward the bottom 5 of the concave
surface 2 and the reference plane 8 for each of the
plurality of concave surfaces 2. As long as this relation-
ship between the angles is satisfied, the shape and the
angle of each of the plurality of concave surfaces 2 may
be different, and lengths of the first inclined surface S1,
the second inclined surface S2, and the third inclined
surface S3, the angles d1 and d2, and the length of the
region "a" may be different.
[0073] Further, when the laser processingmanufactur-
ing method described later is used, a processed surface
has specific roughness. Each of the first inclined surface
S1, the second inclined surface S2, and the third inclined
surface S3 may have specific waviness or roughness in
shape, andeachboundarybetween the inclinedsurfaces
may be indistinct. In such a case, the angle d1 is an
averagevalue for the first inclined surfacesS1whichmay
have the shapes described above. When an average
value of the angles d1 in the whole structural body 1 is
large, the length of the region "a" in the whole structural
body 1 becomes correspondingly small. Thus, the reflec-
tion of the light L2 can be minimized.
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[0074] Each of the plurality of concave surfaces may
include a first curved surface and a second curved sur-
face positioned closer to the bottom of the concave sur-
face than the first curved surface, and a center of the first
curved surface can lie inside the concave surface, and a
center of the second curved surface can lie outside the
concave surface.
[0075] This example of the embodiment is described
with reference toFIG.24.FIG.24 isobtainedbyenlarging
a part of a cross section taken along a direction perpen-
dicular to the reference plane 8 of the structural body 1.
[0076] A center O1 of a first curved surface R1 ("center
of a curved surface" refers to a center of a circle having a
circumference including a part approximating to the
curved surface) lies inside the concave surface 2. In
other words, the curved surface R1 has an outwardly
convex shape with respect to the concave surface 2. A
center O2 of a second curved surface R2 extending from
the first curved surface R1 toward the bottom 5 of the
concave surface 2 and connecting to the bottom 5 lies
outside theconcavesurface2. Inotherwords, thesecond
curved surface R2 has an inwardly convex shape with
respect to the curved surface 2.
[0077] Inaddition to the light L, the light L2 is incidenton
the structural body 1 from a direction substantially par-
allel to the incident surface 6.
[0078] A region between two normals Lu and Ld to the
first curved surface R1, which extend in parallel to an
incident direction of the light L2, is represented by "a".
Then, the light L2 passing through the region "a" is
reflected by the first curved surface R1, and thus light
absorptionefficiency is reduced.A lengthof the region "a"
decreases as the angle d1 formed between the first
curved surface R1 and the reference plane 8 increases.
Thus, inorder to suppress the reflectionof the light L2, it is
only required that d1 bemaximized. Specifically, it is only
required that the center O1 of the curved surface R1 that
allows maximization of d1 be set inside the curved sur-
face R1 of the concave surface 2. Meanwhile, conditions
for enabling efficient absorption of the light L are Wd>λ
and Wb≤λ/2. When Wb≤λ/2 is intended to be satisfied
while d1 is maximized, a depth of the concave surface 2
becomes extremely large. As a result, processing time is
remarkably increased when the laser processing manu-
facturingmethod described later is used. Thus,maximiz-
ing d1 while satisfying the conditions described above is
not practical.
[0079] Accordingly, the second curved surface R2 ex-
tending from the first curved surface R1 toward the
bottom 5 of the concave surface 2 is formed so that
the second curved surfaceR2 has a shapewith its center
O2 lying outside the concave surface2. In thismanner, d1
can be maximized without changing Dd.
[0080] It is preferred that the angle d1 formed between
the first curved surface R1 and the reference plane 8 be
80degreesormore,morepreferably 85degreesormore,
further preferably 86 degrees or more, further more pre-
ferably 88 degrees or more. A maximum value of the

angle d1 is 90 degrees. The configuration described
above enables minimization of the reflection of the light
L2 and efficient absorption of the light L.
[0081] Thenumberof curvedsurfaces for formingeach
of the concave surfaces 2 is not required to be limited to
two. It is desired that the angle d1 formed between the
first curved surface R1 and the reference plane 8 have
the maximum value. However, when the light L2 has low
intensity and does not cause any problem in practical
use, the angle d1 may be appropriately adjusted in ac-
cordance with an allowable range for the reflected light.
[0082] Further, it is only required that the center O1 of
the first curved surface R1 of each of the plurality of
concave surfaces 2 lie inside the concave surface 2
and the center O2 of the second curved surface R2
extending from the first curved surface R1 toward the
bottom 5 of the concave surface 2 and connecting to the
bottom5 lie outside the concave surface 2. As long as the
above-mentioned conditions are satisfied, the shape or
the angle of each of the plurality of concave surfaces 2
may be different, and a length or a center position of the
curved surface of each of the first curved surface R1 and
the second curved surfaceR2, the angle d1, the length of
the region "a" may be different.
[0083] Further, when the laser processingmanufactur-
ing method described later is used, a processed surface
has specific roughness. Each of the first curved surface
R1 and the second curved surface R2 may have specific
waviness or roughness in shape, and each boundary
between the curved surfaces may be indistinct. In such
a case, the angle d1 is an average value for the first
curved surfaces R1 which may have the shapes de-
scribed above. When an average value of the angles
d1 in thewhole structural body 1 is large, the length of the
region "a" in the whole structural body 1 becomes corre-
spondingly small. Thus, the reflection of the light L2 can
be minimized.

<Second Embodiment>

[0084] The present disclosure provides, as a second
embodiment, a method of manufacturing the structural
body 1 of the first embodiment including forming the
substrate by subjecting a base material to laser proces-
sing.Moreover, asafirst exampleof the laser processing,
the laser processing can includeafirst stepof applying, in
a main scanning direction, a pulse laser having an irra-
diationwidthPaonto a first columnof the basematerial, a
second step of applying, in the main scanning direction,
the pulse laser having the irradiation width Pa onto the
first column further (N‑1) times while shifting an irradia-
tion position byPb in themain scanningdirection from the
first step, a third step of performing scanning so that the
irradiation position is shifted by Pc in a sub-scanning
direction, a fourth step of performing the first step and
the second step at a position shifted by Pc in the sub-
scanning direction, and a fifth step of repeating the third
step and the fourth step once or a plurality of times.
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Further, an irradiation diameter of the pulse laser is
represented by φ, and Pa, Pb, and Pc satisfy
φ/2<Pa<φ, Pb=φ/N, andPc<φ. Further, Pb is not required
to be strict and may be zero.
[0085] Further, as a second example of the laser pro-
cessing, the laser processing can include a first step of
applying, in a main scanning direction, a pulse laser
having an irradiation width Pa onto a first column of the
base material, a second step of performing scanning so
that an irradiation position is shifted by Pc in a sub-
scanning direction, a third step of performing the first
step and the second step at a position shifted by Pc in the
sub-scanning direction, a fourth step of repeating the
second step and the third step once or a plurality of times,
and a fifth step of repeating the fourth step such that, in
the main scanning direction, the pulse laser having the
irradiation width Pa is applied onto the first column only
further (N‑1) timeswhile shifting an irradiation position by
Pb in the main scanning direction from the first step.
Further, an irradiation diameter of the pulse laser is
represented by φ, and Pa, Pb, and Pc satisfy
φ/2<Pa<φ, Pb=φ/N, andPc<φ. Further, Pb is not required
to be strict and may be zero.
[0086] The second embodiment of the present disclo-
sure is described with reference to a schematic config-
uration diagram of a laser processing machine 70 in the
present disclosure illustrated inFIG. 7. In FIG. 7, the laser
processing machine 70 is arranged on a rack 21. A fiber
laser for oscillatinga femtosecondpulse canbeusedasa
laser oscillator 11. A beam diameter of laser light emitted
from the laser oscillator 11 is enlarged by a beam ex-
pander 12. Then, the laser light is incident on an Fθ lens
14byagalvanometermirror 13, and is collected to abase
material 15. The basematerial 15 is fixed to a fixing table
16, and is freely moveable by a moving stage 17. A
galvanometer control unit 18 of the laser processing
machine controls the laser oscillator 11 and the galvan-
ometermirror 13. FIG. 7 shows one galvanometermirror,
but two mirrors are required when the laser light is con-
trolled in two-axis directions, and hence the number of
mirrors are appropriately selected depending on the
application. A stage control unit 19 controls the moving
stage 17. When autofocus is performed, control such as
vertically moving the moving stage 17 so that a distance
betweena laser light collecting position and the substrate
becomes constant is performed based on a signal from a
displacement meter (not shown). A host computer 20
includes a user interface and a processing data storage
unit, and can control the control units for the galvan-
ometer mirror 13 and the moving stage 17 in association
with each other at predetermined timings.
[0087] Next, the laser processing process in this em-
bodiment in which the galvanometer mirror drive and the
stage movement are combined with each other so that a
region that exceeds an area that can be processed by
galvanometer mirror drive is processed after performing
stage movement is described with reference to FIG. 8
which is a flowchart of the laser processingprocess in the

second embodiment.
[0088] After the basematerial 15 is fixed onto the fixing
table 16, reading of an alignment mark, laser processing
position correction, and the like are performed so that
position information required for processing is acquired
and corrected to get ready for the processing. In Step 31,
an instruction of movement to a desired position is given
to the stage control unit. In Step 32, processing position
data is transmitted and an instruction of the laser proces-
sing condition is given to thegalvanometer control unit. In
Step 33, completion of the stage movement is checked,
and the processing is started in Step 34. In Step 35, the
laser is suspended, and the galvanometer mirror is
moved to a desired position. After the movement end
of the galvanometer mirror is checked in Step 36, the
laser is oscillatedwhile the galvanometermirror ismoved
underadesiredconditionso that theprocessing is carried
out. In Step 37, completion of the processing is checked,
and the laser oscillation is suspended. In Step 38, it is
determined whether the processing in the galvanometer
area has ended, and, when the processing has not
ended, the process returns to Step 35.When the proces-
sing in thegalvanometer areahasended, it is determined
that the processing in the galvanometer area has ended,
and, when processing in other areas is required, the
process returns to Step 31.
[0089] In the above-mentioned process, Step 35 to
Step 37 are repeated.
[0090] During the repetition, the following operations
can be repeated. Scanning is performed such that the
laser is applied ina line in themainscanningdirection, the
irradiation is stopped, scanning is performed at a sub-
scanning pitch in a direction perpendicular to the main
scanning direction, and scanning is performed again in a
line in the main scanning direction.
[0091] As another example, during the repetition, the
above-mentioned first example can be performed. That
is, the irradiation in the main scanning direction may be
performed a plurality of times on the same line, and the
plurality of irradiations can be performed with the beam
spots being slightly shifted from each other. Then, an
operation in which, after the irradiation in the main scan-
ning direction is repeated a plurality of times (N times),
scanning is performed in the sub-scanning directionmay
be repeated. This method is described with reference to
FIG. 9A and FIG. 9B.
[0092] FIG. 9A shows an example in which the irradia-
tion in the main scanning direction is repeated to satisfy
N=4 for the first column. The first irradiation to the fourth
irradiation are shown in parallel for the sake of conve-
nience, but those views show irradiations for the same
first column. In the first irradiation, main scanning is
performed so that a beam having a beam diameter φ is
applied at a pitch Pa. At this time, it is preferred that
φ/2<Pa<φ be satisfied. In the second irradiation and the
subsequent irradiations, the irradiation is performed so
that the beam center at the time of irradiation is shifted by
Pb in themain scanningdirection from thebeamcenter of
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the previous time of irradiation. It is preferred that Pb
satisfy Pb=cp/N. In the example of FIG. 9A, Pb=cp/4 is
satisfied. When this operation is repeated N times, the
irradiations for N times are integrated in the main scan-
ning direction. The lower part of FIG. 9A shows integra-
tion of four irradiations.
[0093] FIG. 9B shows an example in which, for the
second column and the subsequent columns, the main
scanning is repeated four times while the irradiation
position is scanned in the sub-scanning direction. The
irradiation for the second column is performed by per-
forming scanning with the beam center being shifted by
Pc in the sub-scanning direction from the beam center at
the time of the irradiation for the first column, and the
irradiation for the third column isperformedbyperforming
scanningwith thebeamcenter being further shifted byPc
in the sub-scanning direction. It is preferred that Pc
satisfy Pc<cp, and further satisfy P≤φ/2.
[0094] As another example, during the repetition, the
above-mentioned second example can be performed.
That is, the following operations are repeated. The irra-
diation is performed in themain scanning direction on the
same line, the irradiation position is scanned in the sub-
scanning direction, and the irradiation is performed on
the next line. Then, those operationsmaybe repeated for
the same line. With this repetition, the substrate 3 is
processed by from about 1 mm2 to about 10 mm2 ,
and this operation is further repeated to perform the
processing. This method is described with reference to
FIG. 9C and FIG. 9D.
[0095] FIG. 9C shows an example in which the irradia-
tion is performed in the main scanning direction from the
first column, the irradiation position is scanned in the sub-
scanning direction, and the irradiation is performed on
the next line, and those operations are repeated up to the
fourth column.
[0096] FIG. 9D shows an example in which the irradia-
tion position further returns to the first column in the sub-
scanning direction, and the irradiation from the first col-
umn to the fourth column is similarly repeated four times
while performing scanning. At this time, the irradiation is
performed so that the beam center is shifted by Pb in the
main scanning direction from the beam center of the
previous irradiation. It is preferred that Pb satisfy
Pb=cp/N. FIG. 9E shows integration of four irradiations.
[0097] As described above, with the method of inte-
grating irradiations in themain scanningdirection and the
sub-scanning direction while slightly shifting the beam
center in the main scanning direction and the sub-scan-
ning direction, a beam spot hits the same location a
plurality of times in a short period of time, and the applied
light beams interact with each other so that a randomized
fine structure is produced. The order of the pass, the
number of timesof repetition, Pb, Pc, the frequency of the
laser, and the like are adjusted so that actions, such as
the thermal influence, the optical influence of light, the
interference, the interference between applied light
beams, the interference between light reflected from

the fine structure and the laser light, and the reflection
from the fine structure, can be controlled. As a result, for
example, fineprocessingsuchas thepitchof theconcave
surface 2 can be controlled. For example, accumulation
of heat onto the processing surface can be reduced by
reducing the frequency of the applied laser, and control
such as reducing the removal amount of the substrate 3
through laser irradiation can be performed.
[0098] Further,whenanoptical component is regarded
as the substrate 3, and the structural body 1 is produced
by forming the concave surfaces 2 on the surface of the
optical component, it is also effective to employ amethod
of performing processing while suppressing an oxygen
concentration in an atmosphere during the processing.
As themethod of reducing the oxygen concentration, the
whole processing apparatus may be placed in a nitrogen
atmosphere, or the processing may be performed with a
heatdissipation componentbeing installed inapurgebox
including a laser transmission window. Otherwise, the
processing may be performed while a high-purity nitro-
gen gas is blown to the heat dissipation component, or
any other measures may be used.
[0099] According to the manufacturing method of this
embodiment, with a simple manufacturing process, the
structural body 1 of the first embodiment in which an
optical component is regarded as the substrate 3 can
be obtained without generation of outgas even under a
vacuum environment.
[0100] Further, when processing is performed not only
by the processing method of slightly shifting the beam
center as described above but also with adjustment of
intensity of the applied laser, fine processing, for exam-
ple, for the shape of the concave surface 2, can be
controlled. For example, when the concave surface 2
exemplified in FIG. 6B is to be formed by processing, it is
preferred that the intensity of the laser used in the pro-
cessing be increased in order for the middle portion 411,
the middle portion 412, and the second part 42 of the
inner region 4.
[0101] Further, when the concave surface 2 exempli-
fied in FIG. 23 is to be formed by processing, it is desired
that the intensity of the laser for processing the second
inclined surface S2 of the concave surface 2 be set lower
than the intensity of the laser for processing the first
inclined surface S1 and the intensity of the laser for
processing the third inclined surface S3 be set higher
than the intensity of the laser for processing the second
inclined surface S2.
[0102] Further, when the concave surface 2 exempli-
fied in FIG. 24 is to be formed by processing, it is desired
that, after the first curved surface R1 of the concave
surface 2 is formed by the processing while the intensity
of the laser for forming the first curved surface R1 of the
concave surface 2 is being gently decreased along with
proceeding of the processing to a greater depth, the
processing be continued to start forming the second
curved surface R2 and proceed to a greater depth while
the intensity of the laser is being increased again.
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[0103] In order to adjust the intensity of the laser, there
exist an adjustmentmethod of externally controlling laser
oscillation energy of the laser oscillator 11 illustrated in
FIG. 7 and an adjustment method of inserting an optical
element (not shown) capable of changing a transmit-
tance of the laser between the laser oscillator 11 and
thebeamexpander 12.Anadjustment instructionvalue is
stored in thehost computer 20 in synchronizationwith the
storage of the processing data. The intensity of the laser
is adjusted by controlling the laser oscillator 11 and the
optical element (not shown) through intermediation of the
galvanometer control unit 18.
[0104] Further, as a method of controlling the fine
processing for, for example, the shape of the concave
surface 2, besides the above-mentioned adjustment of
the intensity of the laser, the processing pitches Pa, Pb,
Pc of the pulse laser may be adjusted along with the
proceeding of the processing to a greater depth, or the
order of the pass, the number of times of repetition, the
frequency of the laser, and the like may be adjusted.
Further, a combination thereof may be used. When the
laser oscillator 11 has a function to change pulse oscilla-
tion time of the pulse laser, the pulse oscillation timemay
beadjusted or the adjustment of the pulse oscillation time
may be used in combination with the adjustments de-
scribed above.
[0105] In FIG. 25, there are shown results of actual
measurement of reflectances of the structural bodies 1,
which are obtained by actually changing the shape of the
concavesurface2.The result indicatedby thebroken line
inFIG. 25 corresponds to the result for the structural body
1 having the shape exemplified in FIG. 6B. The result
indicated by the solid line in FIG. 25 corresponds to the
result for the structural body 1 having the shape exem-
plified inFIG.24. In thestructural body1having theshape
exemplified inFIG6B, theangled1 is 65degrees, and the
angle d2 is 78degrees. In the structural body1having the
shape exemplified in FIG. 24, the angle d1 is 85 degrees,
and the angle d2 is 78 degrees. The results of actual
measurement of the reflectances are shown in FIG. 25
having a horizontal axis representing a scattering angle
and a vertical axis representing the reflectance. The
scattering angle in FIG. 25 is an angle at which light
having a wavelength of k=800 nm being incident at an
angle of 80 degrees (corresponding to β=10 degrees)
with respect to the reference plane 8 of the structural
body 1 travels after being scattered by the structural body
1. Both of the structural body 1 having the shape exem-
plified in FIG. 6B and the structural body 1 having the
shape exemplified in FIG. 24 had the reflectance less
than 1%, and thus the reflectance was efficiently de-
creased in a successful manner. The structural body 1
having the shape exemplified in FIG. 24 had the reflec-
tance further lower than the reflectance of the structural
body 1 having the shape exemplified in FIG. 6B. As
described above, the shape illustrated in FIG. 24 has
the first curved surface R1 that allows the length of the
region "a" to be reduced, and thus enables minimization

of the reflection of the light L2 and efficient absorption of
the light L.

<Third Embodiment>

[0106] The present disclosure provides, as a third em-
bodiment, amethod ofmanufacturing the structural body
1 of the first embodiment in which the structural body 1 is
obtained by transferring, onto a resin, a concavo-convex
structure of a forming mold having the concavo-convex
structure. This method can include a step of forming a
forming mold by subjecting a forming mold material to
laser processing, and a step of injection molding a resin
through use of the forming mold.
[0107] The third embodiment is described with refer-
ence to schematic process viewsofFIG. 10A toFIG.10E.
[0108] FIG. 10A to FIG. 10E show respective stages of
the process of manufacturing the structural body 1 by
injection molding. A first forming mold 91 forming a
formingmold900 includes thestructural body1produced
in the second embodiment, and has a concavo-convex
structure on its surface. An injection molding machine
illustrated in FIG. 10A to FIG. 10E includes a pressure
device 911 communicating with a cylinder 99, and a
hopper 910 for loading a resin material.
[0109] A screw (not shown) is provided inside of the
cylinder 99, and is driven to rotate by a drive source such
as amotor (not shown) so that the resinmaterial inside of
the hopper 910 is sent to a distal end of the cylinder 99.
Further, a heater (not shown) is provided in the cylinder
99, and the resin material loaded by the hopper 910 is
heated to a glass transition temperature or more in the
middle of being conveyed inside of the cylinder 99 toward
the distal end thereof. Thus, the resin material is melted
into a liquid. Then, the resin material is accumulated in a
space in a distal end portion of the cylinder 99.
[0110] The first forming mold 91 has the concavo-con-
vexstructureon its surfaceasdescribedabove.Asecond
formingmold 98 is subjected tomold closing with the first
forming mold 91 at the time of forming a cavity 920.
[0111] The resin material is loaded to the hopper 910.
First, as a forming mold preparing step, as illustrated in
FIG. 10A, the forming mold (900) is mounted to the
injection molding machine. Then, through use of a drive
mechanism (not shown), as illustrated in FIG. 10B, the
first formingmold 91 and the second formingmold 98 are
subjected to the mold closing. Before the mold closing or
at the time point of themold closing, the first formingmold
91 and the second forming mold 98 are heated by a
heater (not shown). A heating temperature of the molds
in this step is called "mold temperature."
[0112] Subsequently, an injection step of FIG. 10C,
and a pressure keeping step and a cooling step of FIG.
10D are carried out. In the injection step of FIG. 10C, a
molten resin 912 is injected by the pressure device 911
from the cylinder 99 into the cavity 920 formed by the first
forming mold 91 and the second forming mold 98. The
pressure device 911 includes a hydraulic cylinder or the
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like. Moreover, in the pressure keeping step and the
cooling (solidifying) step of FIG. 10D, for example, the
pressure device 911 applies a pressure to the molten
resin 912 in the cavity 920with a setting pressure that can
transfer the molten resin onto the forming mold to form
the fine shape, and this pressure is kept for a predeter-
mined timeperiod (pressure keeping). In thismanner, the
pressure of the molten resin 912 in the cavity is kept to a
pressure-keeping pressure.
[0113] Subsequently, the first forming mold 91 and the
second forming mold 98 are cooled so that the molten
resin912 is cooled toa temperatureequal toor lower than
the glass transition temperature, allowing the molten
resin 912 to transition from a liquid to a solid. The first
forming mold 91 and the second forming mold 98 are
cooled by, for example, a mechanism (not shown) for
circulating a coolant for cooling around the forming mold
900. After that, a mold opening step and a mold release
step of FIG. 10E are performed. The mold release is
performed by, for example, causing an ejector pin pas-
sing through the forming mold to protrude into the cavity.
With the above-mentioned steps being repeated, a large
number of structural bodies 1 can be manufactured.
[0114] According to the manufacturing method of this
embodiment, with a simple manufacturing process, the
structural body 1 of the first embodiment can be manu-
factured by amethod that does not generate outgas even
under a vacuum environment. Further, according to the
manufacturingmethod of this embodiment, the structural
body 1 of the first embodiment can be mass-produced in
a short period of time and at low cost.

<Other Embodiment>

[0115] Further, the present disclosure provides, as
another embodiment, a member including the structural
body 1 of the first embodiment. The member may be
formed of the structural body 1, or may include a support
for supporting the structural body 1.
[0116] Further, the present disclosure provides an op-
tical apparatus including the structural body 1 of the first
embodiment. In recent years, there has been a demand
for further reductionof reflected light andscattered light in
optical apparatus and the like in order to increase its
performance. Further, components are becoming com-
plex in shape and becoming smaller in size year by year.
In addition, the variety of adaptable environments is
increasing. The first embodiment is relatively easily pro-
ducible, and the three-dimensional substrate 3 can have
this structure. The substrate itself has the concavo-con-
vex shape, and hence, as compared to a case in which
the concavo-convex shape is producedby film formation,
a fear of peelingof thefilmdue tooil, vibration, heat, or the
like is alleviated. In particular, there is a fear of the
presence of outgas in a vacuum environment. Further,
the substrate itself has the concavo-convex shape, and
hence a high strength can be obtained regardless of the
fine concavo-convex shape, and accordingly there is an

advantage in that the concavo-convex shape itself is less
liable to be damaged.
[0117] Examples of themember including the structur-
al body 1 of the first embodiment include an optical
member and a lens each formed of the structural body
1 of the first embodiment, and a barrel and a casing each
including the structural body 1 of the first embodiment on
its inner wall. Further, examples of the optical apparatus
including the structural body 1 of the first embodiment
include binoculars, a microscope, a semiconductor ex-
posure device, camera systems, such as a digital still
camara and a digital video camera, and an image pickup
apparatus, such as a mobile phone, including an image
pickup element for receiving light that has passed
through the optical member of the present disclosure.
[0118] FIG. 11 shows a configuration of a digital single-
lens reflex camera 1100 which is one example of the
optical apparatus of this embodiment.
[0119] In thedigital camera1100 illustrated inFIG.11,a
camera main body 1102 and a lens barrel 1101 are
coupled to each other, but the lens barrel 1101 is a so-
called interchangeable lens that can be removably
mounted to the camera main body 1102.
[0120] Light from an object passes through an optical
system including, for example, a plurality of lenses 1103
and 1105 arranged on an optical axis of a photographing
optical system in a casing 1120 of the lens barrel 1101,
and is received by an image pickup element 1110.
[0121] In this configuration, the member of this embo-
diment is, for example, a casing 1121, an inner barrel
1104, or the lens barrel 1101. The casing 1121 and the
lens barrel 1101 each include the structural body 1 of the
first embodiment and a support.
[0122] During an observation period before photo-
graphing, the light from the object is reflected by a main
mirror 1107 in the casing 1121 of the camera main body
1102, passes through a prism 1111, and then passes
through a viewfinder lens 1112 so that an image to be
photographed is shown for a photographer. The main
mirror 1107 is, for example, ahalfmirror, and light that has
passed through the main mirror 1107 is reflected by a
sub-mirror 1108 in a direction of an autofocus (AF) unit
1113. For example, this reflected light is used for distance
measurement. Further, the main mirror 1107 is mounted
to and supported by a main mirror holder 1140 through
adhesion or the like. At the time of photographing, the
main mirror 1107 and the sub-mirror 1108 are moved
outside of the optical path via a drive mechanism (not
shown), and a shutter 1109 is opened so that a photo-
graphing light image that has been incident on the image
pickup element 1110 from the lens barrel 1101 is imaged.
Further, adiaphragm1106 is configured to changebright-
ness and a focus depth at the time of photographing by
changing an aperture area thereof.

[Examples]
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<Simulation of Structural Body of First Embodiment>

[0123] Simulations were performed for structural
bodies 1 of Examples 1 to 3 and for Comparative Ex-
ample 1 including no concave surface 2. FIG. 12 shows
dimensions in each of Examples 1 to 3 and Comparative
Example 1. The structural bodies of Examples 1 to 3 and
Comparative Example 1 all had the same size. The
wavelength λ of the light L was set to from 350 nm to
850nm.When theshortestwavelength in the rangeof the
light L being the target is represented by λmin and the
longestwavelength therein is representedbyλmax,λmin
is 350 nm, and λmax is 850 nm.
[0124] An electromagnetic field simulation using the
FDTDmethod was performed through use of the shapes
of Examples 1 to 3 and Comparative Example 1 as
models. A space of the electromagnetic field simulation
was a three-dimensional space. As illustrated in FIG. 13,
an x-axis was defined as a structural body horizontal
direction, a y-axis was defined as a structural body depth
direction, and a z-axis was defined as a structural body
thickness direction. Further, the x-axis and y-axis direc-
tions applied a periodic boundary condition so that a
situation in which the concave surface 2 was infinitely
expandedwas simulated. A range of a unit spacewas set
to 2 µm in the x-axis direction, 12 µm in the z-axis
direction, and 0.2 µm in the y-axis direction. The struc-
tural body including the inner region was present in this
unit space, and its size was set to 2 µm in the x-axis
direction, 6µmin the z-axis direction, and0.2µmin the y-
axis direction. The material of the substrate 3 was set to
pure aluminum. A space other than the structural body in
theunit spacewasentirely in avacuum. In the following, a
vacuum region is referred to as "air." An incident direction
of the light L (electromagnetic wave) was set to be from
the top to the bottom in the z-axis direction, that is, from
the air toward the structural body. At this time, thewave of
the light L was polarized light having an electric field
oscillating in a direction perpendicular to a traveling
direction.
[0125] Results are shown in the graphs of FIG. 14 and
FIG. 15 and the distribution diagrams of from FIG. 16 to
FIG. 18.
[0126] The shape of Example 1 is as follows. Thewidth
at theheight of 0.224µmfrom thebottom is 0.175µm, the
width at the height of 0.350 µm from the bottom is 0.228
µm, thewidth at the height of 0.400µmfrom thebottom is
0.250 µm, and the width at the height of 0.527 µm from
the bottom is 0.303 µm. As shown in FIG. 12, the size
corresponding to Wb was 0.154 µm, and the size corre-
sponding toDbwas 0.175µm.The size corresponding to
Wa was 2 µm, and the size corresponding to Da-Db was
4.35 µm.
[0127] FIG. 14 is agraph for showing simulation results
obtained by comparing and examining Example 1 and
Comparative Example 1. The horizontal axis represents
the wavelength of the light L, and the vertical axis repre-
sents an average value of an electric field in air. This

average value of the electric field is a value excluding an
incident wave, and represents only a reflected wave. As
compared to the electric field of Comparative Example 1,
the electric field of Example 1 is smaller. That is, Example
1 has a smaller intensity of reflected light returning into
air.
[0128] Further, FIG. 16 shows an electric field distribu-
tion excluding the incident wave of Example 1 when light
L having a wavelength of 527 nm was used. The electric
field is largest at a position of about 1/2 of the wavelength
in the z-direction, and the electric field is attenuated at a
position deeper by 1/2 of the wavelength from this posi-
tion. In a further deeper region, the electric field is the
same as that of the structural body and becomes con-
stant, and no amplitude is observed. This result is ob-
tained by a light trapping effect obtained by the second
part 42. Further, with the concave surface 2 forming the
first part 41, the electric field is gradually attenuated
through diffraction and interference caused complicat-
edly from a deep portion to the surface, and the electric
field in air is reduced. Thus, the anti-reflection effect can
be obtained.
[0129] The shape of Example 2 is as follows. Thewidth
at the height of 0.0179 µm from the bottom is 0.175 µm,
and the width at the height of 0.35 µm from the bottom is
0.486µm.As shown in FIG. 12, the size corresponding to
Wbwas 0.436µm, and the size corresponding toDbwas
0.175 µm. The size corresponding to Wa was 2 µm, and
the size corresponding to Da-Db was 5.42 µm.
[0130] The shape of Example 3 is as follows. Thewidth
at theheight of 0.350µmfrom thebottom is 0.137µm, the
width at the height of 0.400 µm from the bottom is 0.150
µm, thewidth at the height of 0.442µmfrom thebottom is
0.155 µm, the width at the height of 0.457 µm from the
bottom is 0.175 µm, and the width at the height of 0.527
µmfrom thebottom is 0.199µm.Asshown inFIG. 12, the
size corresponding to Wb was 0.155 µm, and the size
corresponding to Db was 0.442 µm. The size corre-
sponding to Wa was 2 µm, and the size corresponding
to Da-Db was 5.22 µm.
[0131] TheshapeofExample3 satisfiesExpressions1
to 3 at λ≥350 nm.
[0132] FIG. 15 is agraph for showing simulation results
obtained by comparing and examining Examples 1 to 3.
Similarly to FIG. 14, the horizontal axis represents the
wavelength of the light L, and the vertical axis represents
the average value of the electric field excluding the
incident wave in air.
[0133] As compared to Examples 1 and 2, Example 3
had a smaller electric field in a wide wavelength range. It
is considered that the reason therefor is because, in
Example 3, when Da-Db is large, the concave surface
2 is sufficientlywide, and thenumber of timesof reflection
fromwhen the light L is incident on the structural body1 to
when the light L returns to the reference plane 8 is large,
resulting in that the light L is sufficiently absorbed and the
intensity thereof is thus reduced.
[0134] Example 3 has a shape in which Db is larger
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than those of Examples 1 and 2. It is considered that the
reason therefor is because, in Example 3, the light L can
be sufficiently trapped in the first part 41.
[0135] Example 2 had a higher electric field in a wide
wavelength range as compared to Examples 1 and 3.
[0136] FIG. 17 shows an electric field distribution ex-
cluding an incident wave of Example 3 at the time of a
wavelength of 527 nm. FIG. 18 shows an electric field
distribution excluding an incident wave of Example 2 at
the time of a wavelength of 527 nm. There can be
observed a state in which, as compared to the electric
field distribution of Example 3 of FIG. 17, in the electric
field distribution of Example 2 of FIG. 18, the light L is
incident on the structural body without being trapped to
thevicinity of thebottom5of theconcavesurface2.Thus,
it is understood that the shape of the second part 42, in
particular, Wb is important.
[0137] This simulation simulated the structural body 1
in which the same concave surface shapes were two-
dimensionally arranged at a pitch of 2 µm, but the shape
of the concave surface 2 is not limited thereto. Further, an
average cycle of the pitch is preferably larger than 1 µm,
but any one of a periodic arrangement having regularity
or a random arrangement may be employed.

<Manufacture of Structural Body by Manufacturing
Method of Second Embodiment>

[0138] The structural bodies 1 of Examples 4, 5, and 6
were obtained by, as described above, installing an op-
tical component regarded as the substrate 3 on the laser
processing apparatus illustrated inFIG. 7 andperforming
laser processing. The material of the optical component
was an Invar material which is a low thermal expansion
material. When the Invar material is used for the sub-
strate 3 of the optical component, deformation due to the
temperature influence can be reduced, and the influence
on the optical performance can be decreased.
[0139] FIG. 19 shows, for each of Examples 4 to 6, the
laser oscillatorwavelengthat the timeof productionof the
structural body 1, the laser processing conditions, the
average pitch of the concave portion which is a proces-
sing result, the average of Dd, Wa, Wb, Db, the wave-
length of the absorbed light L, and the warpage influence
of the optical component.
[0140] The relationship of the locus of the laser proces-
sing and the item of the processing condition shown in
FIG. 19 is described. The laser processing was per-
formed by the processing method described in the sec-
ond example of the second embodiment while the irra-
diation was performed with the set output and oscillation
frequency.
[0141] The pitch and the depth of the structural body 1
can be changed depending on the laser wavelength
selected when the laser processing is used. As Dd of
the structural body 1 becomes smaller, the removal
amount tobe removedby theprocessingcanbe reduced,
and hence the entire warpage of the optical component

after the end of the processing can be reduced. That is,
the laser wavelength can be selected depending on the
thickness of the substrate 3 and the desired dimensional
tolerance.
[0142] In all Examples 4 to 6, the respective numerical
values were able to be satisfied regardless of the laser
wavelength or output. The oscillation frequency is suffi-
ciently larger than the main scanning speed, and hence
the same location is irradiated with a plurality of pulses in
a superimposed manner. A groove is formed as the
concave surface 2 by an initial pulse, and the pulses
emitted later are, for example, reflected on a side surface
of the groove to deeply dig the center of the groove. Thus,
the fine concave surface 2 is formed.
[0143] With the laser processing, all of the structural
bodies 1 of Examples 4 to 6 were able to be produced as
shown in FIG. 19. That is, there was obtained a structural
body 1 including concave portions each having Wa of 3
µm, 10µm, or 20µm,Wbof 0.15µm,Dbof 0.40µm, and
theconcavesurfaceshape in topviewbeing randomized.
Further, there was obtained an optical component which
absorbs incident light having a wavelength of 0.35 µmor
more and has the anti-reflection function. FIG. 22 shows
an image of the structural body 1 of Example 6. This
imagewas obtained by observing the structural body 1 at
a magnification of 50 times through use of a laser micro-
scope (VK-X3000: manufactured by KEYENCE COR-
PORATION). A concavo-convex shape in which a large
number of concave surfaces 2 are randomly arranged
can be observed.
[0144] An Invar material was used for the material of
the optical component, but a steel material, nickel and an
alloy thereof, copper and an alloy thereof, aluminum and
an alloy thereof, molybdenum, niobium, tantalum, rhe-
nium, hafnium, zirconium, and yttriumarealso applicable
thereto.
[0145] The optical component may be processed in a
nitrogen atmosphere. The processing in the nitrogen
atmosphere is particularly effective for, among materials
of the optical component, an easily oxidizablematerial. In
the laser processing, debris is generated from the ma-
terial melted by heat and solidified. In the easily oxidiz-
able material, the debris is combined with oxygen and
physical properties thereof change, resulting in a disad-
vantageous effect on the stability of the laser processing.
Thus, the processing stability can be improved when the
processing is performed in the nitrogen atmosphere.

<Manufacture of Structural Body by Manufacturing
Method of Third Embodiment>

[0146] Next, Examples in which injection molding was
used to transfer an anti-reflection surface onto a resin
component are shown.
[0147] Structural bodies 1 of Examples 7 to 9 were
manufactured by injectionmolding illustrated in FIG. 10A
to FIG. 10E. In this case, an injection molding machine
J180EL III (product name) manufactured by The Japan
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Steel Works, Ltd. was used as the injection molding
machine. Further, a mold steel material is used as the
material of the forming mold. There was used, as the
resinmaterial loaded from the hopper 910, for example, a
resin material obtained by coloring glass filler-containing
polycarbonateG3430H produced by TEIJIN LIMITED by
a colorant to black.
[0148] FIG. 20 shows, for each of Examples 7 to 9, the
laser oscillatorwavelengthat the timeof productionof the
forming mold, the laser processing conditions, the aver-
age pitch of the concavo-convex structure, the depth and
the average of Dd of the structural body 1, Wa, Wb, Db,
the wavelength of the absorbed light L, and the mold
release resistance.
[0149] FIG. 21 is a schematic representation of mold-
transfer of the forming mold surface. The processing
conditions of the mold surface of FIG. 21 are the same
as those of the second example. As shown in FIG. 21, the
concave surface 2 of the structural body 1 of each of
Examples7 to9was formedasa resin component having
the shape of the convex portion 7 of the forming mold 91
transferred thereon.
[0150] The average of Dd affected the mold release
resistance in injection molding. The mold release resis-
tance became smaller as Dd became smaller, and the
entire warpage deformation or the like of the resin com-
ponent was able to be suppressed.
[0151] All of the structural bodies 1 of Examples 7 to 9
were able to be produced as shown in FIG. 20. That is,
there was obtained a structural body 1 including concave
surfaceseachhavingWaof3µm,10µm,or20µm,Wbof
0.8 µm, Db of 2.5 µm, and the concave surface shape in
top view being randomized. Further, a resin component
which absorbs incident light having a wavelength of 2.1
µm or more and has the anti-reflection function was able
to be mass-produced in a short period of time and at low
cost.
[0152] A mold steel material was used as the material
of the forming mold in Examples, but a nickel alloy or a
copper alloy may also be used. In addition, glass filler-
containing polycarbonate was used as the resin, but
glass filler-free polycarbonate, acrylonitrile-butadiene-
styrene, polyoxymethylene, polyphthalamide, polypro-
pylene, polybutylene terephthalate, a fluororesin, or poly-
amide may also be used as the resin.
[0153] Further, the formingmoldmay be produced in a
nitrogen atmosphere. The production in the nitrogen
atmosphere is particularly effective for a case in which
a material of the forming mold is easily oxidizable. In the
laser processing, debris is generated from the material
melted by heat and solidified. In the easily oxidizable
material, the debris is combined with oxygen and physi-
cal properties thereof change, resulting in a disadvanta-
geouseffect on the stability of the laser processing. Thus,
the processing stability can be improved when the pro-
duction is performed in the nitrogen atmosphere.
[0154] In Examples, injectionmolding was used as the
transfer technology, but roll forming or press formingmay

be performed instead.
[0155] According to the present disclosure, a technol-
ogy that is advantageous for achieving a structural body
capable of sufficiently absorbing light is provided.
[0156] While the present disclosure has been de-
scribed with reference to exemplary embodiments, it is
to be understood that the invention is not limited to the
disclosed exemplary embodiments. The scope of the
following claims is to be accorded the broadest interpre-
tation so as to encompass all such modifications and
equivalent structures and functions.

Claims

1. A structural body for absorbing light which incidents
the structural body and has a wavelength λ, the
structural body comprising a substrate having a plur-
ality of concave surfaces on an incident surface of
the light,

wherein the light incidents an inner region of
each concave surface of the plurality of concave
surfaces,
wherein the light satisfies400nm≤k≤40µm,and
wherein each concave surface of the plurality of
concave surfaces satisfies Dd≥Da>Db>λ,
Wa>λ, and Wb≤λ/2, where Dd represents a
depth of a bottom of each concave surface of
the plurality of concave surfaces,Wa represents
a width of the inner region at a position of a
distance Da from the bottom of each concave
surface of the plurality of concave surfaces, and
Wb represents a width of the inner region at a
position of a distance Db from the bottom.

2. The structural body according to claim 1, wherein
Wa≥2λ is satisfied.

3. The structural body according to claim 1 or 2, where-
in each concave surface of the plurality of concave
surfaces satisfies λ≥Dc and Wc≤λ/4, where Wc re-
presents a width of the inner region at a position of a
distance Dc from the bottom of each concave sur-
face of the plurality of concave surfaces.

4. The structural body according to any one of claims 1
to 3,

wherein the plurality of concave surfaces in-
clude a first concave surface and a second
concave surface, and
wherein Ge≤100 µm is satisfied, where Ge re-
presents a distance between the first concave
surface and the second concave surface at a
position of a distance De from a bottom of the
first concave surface, provided that Dd≥De≥Da.
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5. The structural body according to any one of claims 1
to 4,

wherein the plurality of concave surfaces in-
clude a first concave surface and a second
concave surface, and
wherein Ge<Wa is satisfied, where Ge repre-
sents a distance between the first concave sur-
face and the second concave surface at a posi-
tion of a distance De from a bottom of the first
concave surface, provided that Dd≥De≥Da.

6. The structural body according to any one of claims 1
to 5,

wherein the plurality of concave surfaces in-
clude a first concave surface and a second
concave surface, and
wherein Go≥Wa is satisfied, where Go repre-
sents a distance between a bottom of the first
concave surface and a bottom of the second
concave surface.

7. The structural body according to any one of claims 1
to 6,

wherein the plurality of concave surfaces in-
clude a first concave surface and a second
concave surface, and
wherein Go≥1 µm is satisfied, where Go repre-
sents a distance between a bottom of the first
concave surface and a bottom of the second
concave surface.

8. The structural body according to any one of claims 1
to7,wherein anextinction coefficient of thesubstrate
with respect to the light is larger than 1.0.

9. The structural body according to any one of claims 1
to 8,wherein, in plan viewwith respect to the incident
surface, one of the number of the plurality of concave
surfaces or the number of convex portions forming
the plurality of concave surfaces is 100 surfaces or
portions/mm2 or more.

10. The structural body according to any one of claims 1
to 9,wherein, in plan viewwith respect to the incident
surface, the plurality of concave surfaces are two-
dimensionally arranged.

11. The structural body according to any one of claims 1
to 10, wherein each concave surface of the plurality
of concave surfaces has a taper angle θ of 60 de-
grees or more in a part in which a distance from the
bottom is 2Dd/3 or more and 9Dd/10 or less.

12. The structural body according to any one of claims 1
to 11, wherein the inner region has a width that

gradually decreases from thepositionof thedistance
Da from the bottom toward the position of the dis-
tance Db from the bottom.

13. The structural body according to any one of claims 1
to 12, wherein the plurality of concave surfaces in-
clude a concave surface in which awidth of the inner
region is Wb or more and λ/2 or less from the dis-
tance Db to a distance Df from a bottom of the
concave surface, provided that Da≥Df>Db.

14. The structural body according to any one of claims 1
to13,wherein the substrate ismadeof oneof ametal
or a resin.

15. The structural body according to any one of claims 1
to 14,
wherein:

1) each concave surface of the plurality of con-
cave surfaces includes a first inclined surface
and a second inclined surface, the second in-
clined surface being positioned on a side closer
to the bottom of the concave surface than the
first inclined surface, and

wherein, when a plane being in contact with
a plurality of convex portions forming the
concave surface is set as a referenceplane,
an angle d1 formed between the first in-
clined surface and the reference plane
and an angle d2 formed between the sec-
ond inclined surface and the reference
plane satisfy:

and/or

2) each concave surface of the plurality of con-
cave surfaces includes a first curved surface
andasecondcurvedsurface, thesecondcurved
surface being positioned on a side closer to the
bottom of the concave surface than the first
curved surface, and
wherein a center of the first curved surface lies
inside the concave surface, and a center of the
second curved surface lies outside the concave
surface.

16. An optical apparatus comprising the structural body
according to any one of claims 1 to 15.
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